INTRODUCTION
Many plant species in the genus Amaranthus are troublesome weeds and are considered good targets for Accepted for publication September 2, 1999. ' Email: erosskopf@msn.com biological control. Surveys were conducted to seek potential agents for development as mycoherbicides. A pycnidial fungus isolated from diseased pigweed (Amaranthus sp.) was found to be the causal agent of a stem and leaf blight. Inoculations revealed that the disease caused by this organism began as leaf lesions, which expanded, coalesced, and moved to the leaf petiole, causing premature leaf abscission. Symptoms were observed within 5 d of inoculation. Symptoms then appeared on stems, with lesions girdling the stem, causing stem constriction and toppling of plants. The severity of the symptoms observed in the field and then reproduced in subsequent inoculations warranted further investigation of the fungus as a potential biological control agent for Amaranthus spp.
Approximately 65 species of Phomopsis are plant pathogens, of which 30 are found in the United States. The identification of species in this genus, based primarily on morphological characteristics, is hindered by plasticity of characters. Difficulty with identification is also compounded due to teleomorphic associations with Diaporthe spp. being known for only about 20% of the named Phomopsis species. Evidence that host association is inadequate for speciation in this genus was provided by Brayford (1990) , who showed that Phomopsis occurring on twigs and bark of Ulmus L. in the United Kingdom and other parts of Europe belonged to different morphological and genetic groups. Both groups were isolated from a variety of tree species, showing that more than one species could be found on a single host and more than one host could support a single species.
Species of Phomopsis characteristically produce two types of conidia, referred to as a conidia and ( conidia. Three species reported to have a third type of conidium, the C conidium, are P hordei Punith., P oryzae Punith., and P phyllanthi Punith. These species were isolated from Hordeum vulgare L., Oryza sativa L., and Phyllanthus L. spp., respectively (Punithalingam 1975) . A single species of Phomopsis (Sacc.) Bubak has been reported to infect amaranth. This species, P amaranthi Ubriszy & V6r6s was reported from Hungary from Amaranthus retroflexus L.
(Ubriszy and Voros 1966).
Rehner and Uecker (1994) tested the relationship The dimensions of pycnidia were measured at the first sign of sporulation. Measurements were also made of conidia and pycnidia taken from inoculated A. hybridus L. tissue that was allowed to senesce and dry slightly to induce pycnidial formation, as had been observed in the field. Stem pieces with pycnidia were placed in moist chambers to induce sporulation. In an attempt to induce a perithecial state, infected tissue samples were allowed to dry and were stored in sand or soil, at both 4 C and at 30 C, in the absence of light. The available isolates were also paired on PDA and V-8 agar plates (Miller 1955) .
The physical dimensions of conidia were measured using cultures of the ATCC 74226 isolate grown on PDA and from diseased plant tissue. Samples were obtained from 1-to 2-wk-old colonies from plates that were incubated at 25 + 2 C. Four samples of conidial droplets from each of five replicate cultures were used. Droplets were mounted on glass slides in water and conidia were measured in two randomly chosen fields until 100 measurements of each type of conidium were taken.
Isolate ATCC Flasks (250 mL) containing 50 mL of PDB were inoculated with three, 5-mm diam mycelial plugs from 10-d-old PDA cultures of each of the isolates derived from singlespore cultures stored at 9 C. After 7-10 d of growth in shake culture, the contents of the flasks were filtered through sterile cheesecloth, squeezed dry, and rinsed three times with sterile deionized water. Mycelium was then placed into 13-mL plastic tubes, stored for 24 h in a -80 C freezer, and lyophilized for 24-48 h. The dry mycelium was then mixed with liquid nitrogen, ground to a fine powder, and DNA was extracted using the method of Koenig (1997).
The crude pellet was dissolved in TE buffer containing 2M NaCl and reprecipitated in two volumes of ethanol. The DNA was then pelleted and the tubes were allowed to dry. The pellet was resuspended in 100 iLL of TE buffer (10 mM Tris, 1 mM EDTA). Samples were then placed at 4 C until the DNA was dissolved. Phylogenetic analyses were performed using PAUP version 3.1.1 (Swofford 1993) . The positions in the alignment were used as uniformly weighted characters; single gaps were treated as missing characters; and regions that could not be aligned or regions with large, continuous gaps were excluded from the analysis. The analysis was based on 254 informative characters. Microsphaeropsis amaranthi was used as the outgroup. The analysis included 24 sequences, 13 cho-sen from those deposited in GenBank by Rehner and Uecker (1994), and three deposited by Uddin (1996) , which were chosen based on a wide range of host associations (TA-BLE I). The analysis was performed using 1000 replicate heuristic searches with random sequence addition. Support for groupings was determined by bootstrapping of 500 replicate data sets, unless noted, using random input of sequences and by determining the decay indices using TreeRot (Sorenson 1996) . sions with either tan or light brown centers surrounded by red-brown rings (FIG. 1A) . Coalescing, large lesions developing on leaf petioles and stems caused a stem and leaf blight (FIG. 1B) , which led to premature defoliation, girdling of stems, and plant mortality. Leaf symptoms were apparent 5-7 d after incoulation. Stem lesions developed within 2 wk of inoculation. Occurrence of plant mortality was variable (data not shown).
RESULTS

Phomopsis amaranthicola
Growth on PDA and all other media was initiated with white mycelium growing in a circular pattern. Pycnidia were produced within 14 d after culture initiation, beginning closest to the point of inoculation and formed in concentric rings approximately 5-mm apart (FIG. 2) . Pycnidia produced on all types of media, as well as those produced on plant material, were ostiolate (FIGS. 3, 4). There were no significant differences between pycnidia produced on agar and natural substrate.
Alpha, P, and C conidia (FIGS. 5A-C) were produced within the same pycnidium when all spore types were present. In pycnidia containing all three types of conidia, an average of 87% of all conidia produced were a conidia. Beta conidia contributed 10% and C conidia an average of 3% to the total conidial counts. Conidia were produced on hyaline, phialidic conidiophores, which were occasionally branched (FIGS. 5D, E). Alpha conidia were occasionally produced from multiple loci of conidiogenesis within the conidiophore.
Suspensions containing mixtures of the conidial types were plated on water agar in order to obtain single conidial isolates and examine the germination of conidia. Germination of conidia on PDA-covered glass slides produced the following results. No C conidia were observed to germinate, although they did (TABLE II) Pairing of isolates on PDA and V-8 juice agar did not result in the production of a sexual stage, nor did there appear to be any zonation. Instead, all of the paired isolates grew in an intermingled fashion. Infected stem pieces stored in soil and sand and exposed to temperatures of 4 C and 30 C did not produce perithecia. Removal of these tissues and subsequent plating resulted in regrowth of P amaranthicola from all pieces.
FIG. 5. Conidia and condiophores of Phomopsis amaranthicola. A. a conidium observed by light microscopy (X6000). Note guttules within the conidium. B. P conidium (X 6000). C. C conidia (X 6000). D. Conidiophores with a conidia (X 2400). E. Conidiophore with a conidium (X6000).
The Florida isolate (ATCC 74226) grew more slowly than any of the other test isolates on all of the media tested (data not shown). The isolate of P oryzae and the Florida isolates were the only isolates that produced ax, 3, and C conidia. Isolate BRZ produced both a0 and 3 conidia. Florida isolates produced only a conidia on OMA. The presence of all three types of conidia in pycnidia produced on plant tissue was confirmed. The remaining isolates, BG, FP1, FP3, 72A, 72B, and 75A, produced only cx conidia on all of the media tested. Only the isolate ATCC 74226 produced pycnidia at regular intervals in concentric rings, rather than distributed throughout the plate (FIG. 2) . All isolates produced mycelium in PDB, and produced pycnidia only at the liquid-air interface other species of Phomopsis and produces these conidia in pycnidial conidiomata. The conidiophores were branched or straight and these are shared characteristics.
Determination of speciation within the genus Phomopsis has been highly dependent upon the host from which the isolate was described. More recent studies with several species have shown that the host ranges of many of the isolates that have been named as species are more broad than originally hypothesized, and it also has been found that a single host plant is capable of supporting more than one species. This somewhat complicates the process of speciation in this genus. The lack of a true lectotype species for the genus Phomopsis (Sutton 1980) further complicates taxon identification in the group. Several characters of the Florida isolate B (ATCC 74226), named here as P amaranthicola, are unique in comparison to many members of the genus. The presence of a third type of conidium, the C conidium, is reported for only a few species (Punithalingam 1975) . Multiple loci of conidiogenesis are reported for no other species in the genus.
Alpha conidia are apparently the infectious propagules of this isolate and were found to germinate efficiently and to be produced abundantly on several types of media. Alpha conidia and beta conidia are commonly produced for many species of Phomopsis and the alpha conidia have been found to be the most predominant type. The presence of the C conidium has been reported for only three other species (Punithalingam 1975 was not reported to have C conidia, nor was it reported that there were multiple loci of conidiogenesis for a conidium production. Type specimens of this species could not be obtained.
Analysis of the sequence data from a variety of isolates from Amaranthus spp. and other species of Phomopsis showed considerable variation in the ITS1 region. Nearly all nodes resolved in the strict consensus cladograms were present and received moderate to strong support by the bootstrap analyses. In all cases, the groupings resulted in the Florida isolate B (ATCC 74226), P amaranthicola, falling as the sister group to the major clade containing the Phomopsis spp. sequenced by Rehner and Uecker (1994) . The latter were grouped in this study similarly to Rehner and Uecker's groupings in their original work. The Florida isolate B (ATCC 74226), although grouping as the sister group to the other Phomopsis "species," relative to the Phoma-like isolates, was consistently The cladogram based on the ITS2 sequence data was less resolved than all other trees (data not shown). Cladograms that were based on sequence groups that excluded the Phomopsis "species" sequenced by Rehner and Uecker (1994) , resulted in the grouping of the Florida isolate B as the well-resolved sister taxon within a clade containing P oryzae and the Phomopsis spp. isolates from Georgia peach. The Florida isolate B is clearly distinct from the two major clades containing the PHO isolate and the PO isolate (FIGS. 6, 7) .
A number of points complicate making conclusions about the generic placement of the named iso- FIGS. 6, 7) .
